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ABSTRACT 
Pasteurella multocida isolates from dairy cattle on a farm in Spain were associated 
with pneumonia of calves (six isolates) and mastitis of heifers (five isolates).  The 
objective was to determine if the P. multocida isolates retrieved from both disease 
scenarios were the same strain or whether more than one strain was present.  The 
isolates were identified by a species-specific polymerase chain (PCR) assay, 
serotyped by the Heddleston scheme and then typed by a number of molecular 
genotyping assays including multi-locus sequence typing (MLST). The 11 isolates 
were confirmed as P. multocida but failed to react with any of the 16 Heddleston 
antisera.  The PCR targeting the genes associated with the lipopolysaccharide outer 
core biosynthesis locus assigned all the isolates to L3 – the type that contains 
Heddleston serovars 3 and 4.  The MLST analysis showed all isolates belonging to ST 
79 within the clonal complex of ST13. Only one of the isolates showed a slight 
different profile by the repetitive extragenic palindromic PCR.  The conclusion was 
that the same strain was associated with pneumonia in calves and mastitis in heifers. 
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1. Introduction 
Pasteurella multocida is a pathogen that can affect many host species and is 
associated with both non-specific and specific disease syndromes (Wilson and Ho, 
2013). The specific disease syndromes vary with the host species. There are five 
capsule serogroups (A, B, D, E and F), and 16 somatic serovars based on 
lipopolysaccharide (LPS) antigens according to the Heddleston serotyping scheme, 
which has recently been transferred to a polymerase chain reaction (PCR) 
methodology recognising eight LPS types (Harper et al., 2015).  
Some of the somatic serovars have been associated with certain diseases - 
haemorrhagic septicaemia in cattle is associated with Heddleston serovars 2 and 5 (St 
Michael et al., 2009), while shipping fever and enzootic calf pneumonia in cattle has 
been reported to be associated with Heddleston serovar 3 (Dabo et al., 2007).  In 
addition, studies have shown that the same strain can occur in different host species, 
such as cats and broilers during a fowl cholera outbreak (Singh et al, 2014). Overall, 
there is convincing evidence that the same serovar can cause different diseases in 
different host species, but there is little evidence on whether the same serovar/ 
genotype can be associated with different disease expressions in the same host 
species.  One example was the spread of a P. multocida strain via artificial 
insemination in turkeys causing mortalities with suppurative lesions in the cloaca and 
vagina and at a later relapse additional purulent pneumoniae (Cariou et al 2013). 
 This study reports on the characterisation of P. multocida isolates retrieved 
from two distinct disease scenarios on a single dairy farm to determine if one strain of 
P. multocida is contributing to the two different disease conditions of pneumonia and 
mastitis. 
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2. Materials and Methods 
2.1. Farm details 
The farm in question is a dairy heifer replacement farm in Spain. Female 
calves from different dairy herds are sent to this farm.  At an average of 660 days of 
age and 227 days of gestation the heifers are sent back to their original dairy herds.  
The farm houses a total of 8,600 animals, with around 500 being calves and 8,100 
being heifers.  The animals are housed by age and, depending on the age, the animals 
are held in a range of styles - individual hutches (covered stalls located outside where 
the calves can see each other but not touch each other) from 2 weeks to 2 months of 
age, super hutches for 8 animals from age 2 months to 4 months,  outdoor pens of 
sand with shade cover for 40 animals from 4 months to 5 months of age, for 80 
animals from 5 months to 10 months and inside free-stalls for animals from 10 
months to 11 months of age with individual stalls that can be accessed for feeding 
purposes and outdoor pens of sand with shade cover for 150 animals from 11 months 
to 21 months and finish in inside free-stalls for 30 animals from 21 months to 22 
months.  The farm operates in a continuous flow manner.  The bedding is straw and 
there is good ventilation.  High quality food and water is given at all ages and the 
average growth rate is 890 g/day over 646 days.  The cattle are vaccinated against 
respiratory disease agents (bovine respiratory syncytial virus, parainfluenza, 
Mannheimia haemolytica), Clostridium spp and reproductive disease agents (bovine 
viral diarrhoea virus and infectious bovine rhinotracheitis virus). The diseases 
typically seen and treated at the farm are scours, pneumonia, infection of the navel 
(navel ill) and coccidiosis. 
 
2.2. Initial Investigation 
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In the initial investigations, both milk samples and nasopharyngeal exudate, 
collected by swab, were plated on 5% sheep blood agar plates which were then 
incubated at 370C for a minimum of 48 hours.  Colonies showing typical morphology 
of recognised pathogens (for suspect P. multocida - small greyish mucoid colonies of 
1-2 mm diameter without haemolysis), were sub-cultured onto suitable media (blood 
agar for suspect P. multocida isolates) and subjected to identification by conventional 
methods, such as Gram stain, reaction in Triple Sugar Iron agar, cytochrome oxidase 
and the GN card of the Vitek2system (bio- Mérieux; FR) (de Melo Oliveira et al., 
2013).   
A second swab of the nasopharyngeal exudate was used to investigate the 
presence of mycoplasmas by streaking onto solid Hayflick’s PPLO medium followed 
by inoculation into a tube of Hayflick’s PPLO broth. Plates and tubes were incubated 
at 37ºC under 5% CO2. The plates were examined for the presence of growth at 48 
hours using a stereoscopic microscope (25-40 x). At 48 hours of incubation, each 
broth was subcultured into a new plate that was incubated for another 48 hours. 
Suspect colonies (typical fried-egg appearance) were identified by a conventional 
PCR that was specific for Mycoplasma bovis and was based on a multiplex originally 
developed to identify both Mycoplasma agalactiae and M. bovis (Foddai et al. 2005) 
with slight alterations. Each 25 µl PCR reaction contained 1 x reaction buffer, 2.0 
mM MgCl2, 200 µM dNTPs, 0.4 µM mb-mp1F, 0.4 µM mb-mp1R, 1.25 units Taq 
DNA polymerase and 5 µl DNA template. The amplification conditions were 95ºC for 
4 min, followed by 30 cycles of 94ºC for 30 sec, 52ºC for 30 sec and 72ºC for 1 min, 
and a final 5 min extension step at 72ºC. The amplicon size for the correct PCR 
product indicative of M. bovis was 427 bp.  Genomic DNA from incubated broths or 
agar containing colonies was extracted using a commercial kit (QIAamp DNA mini 
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kit Qiagen; UK) according to manufacturer’s recommendations. 
Sequencing of the 16S rRNA gene was used to identify Mycoplasma spp 
isolates that were negative in the M. bovis PCR. A suspension of each isolate was 
amplified in a PCR using PA and 530 primers (Lane et al., 1985), and the product 
(480 bp) was purified and sequenced. The obtained sequences were searched against 
the GenBank database. 
 
2.3. Identification and serotyping of P. multocida 
The suspect P. multocida isolates were examined by a species-specific PCR 
(Townsend et al 1998) and serotyped with the Heddleston serotyping scheme as 
described previously (Heddleston et al., 1972).  As well, a PCR that targets the LPS 
outer core biosynthesis locus and assigns isolates to one of eight LPS types (termed 
L1 to L8) was performed as previously described (Harper et al., 2015) except that the 
genomic DNA was prepared using the PrepMan Ultra Sample Preparation Reagent 
according to manufacturer’s protocol (Life Technology – Applied Biosystems, 
Warrington, UK). 
 
2.4. Genotyping 
A repetitive extragenic palindromic polymerase chain reaction (rep-PCR) was 
performed according to Gunawardana et al. (2000) except that the template was 
genomic DNA prepared using the PrepMan Ultra Sample Preparation Reagent 
according to manufacturer’s protocol (Life Technology – Applied Biosystems, 
Warrington, UK). 
The isolates were also examined by the RIRDC multilocus sequencing typing 
(MLST) scheme according to the protocol of Subaaharan et al. (2010). Seven 
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housekeeping genes, each with internal fragments of 450 – 500 bp, were sequenced 
and each different sequence was assigned a distinct allele number and the 
combinations of the alleles defined the sequence type (ST) in this MLST scheme. The 
avian P. multocida RIRDC MLST website (http://pubmlst.org/pmultocida/), 
developed by Jolley et al. (2004), is located at the University of Oxford and has been 
funded by the Wellcome Trust. 
 
3. Results 
3.1. Field data 
The issue with P. multocida started in 2012 with two disease scenarios being 
observed on the farm.  Pneumonia occurred in the calves at an average age of 90 days 
of life (range of 19-283 days of life), approximately 14 days after arrival (average age 
at arrival on the farm was 76 days with the range being 5-269 days).  The calves were 
clinically evaluated, by the same two scorers, by the Wisconsin calf scoring system 
(McGuirk 2008) which divides the response to respiratory disease into five categories: 
Body temperature, nasal discharge, cough, ocular discharge and ear position and are 
scanned by ultrasound from the 8th to the 4th intercostal space. Calves scoring greater 
than four were considered sick and treated as follows - first option florfenicol and 
carprofen (an anti-inflammatory agent), second option gamithromycin and carprofen 
and third option cefquinome and carprofen. 
At an average age of 634 days of age (620 days after arrival) some animals 
were observed with mastitis.  The typical clinical signs were changes in the udder - 
swelling and abnormal secretion in affected quarters. The inflammation of the 
mammary glands usually only affected one quarter. The treatment for mastitis was 
intramammary infusion for two days with cefaxin and kanamycin, followed by 
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intramammary dry infusion of penethamate hydriodide, penicillin and framycetin for 
one day.  Tilmicosin was also given by the parenteral route.  The treatments resolved 
the infections.  Samples from infected animals were taken when relevant clinical signs 
were recognised and before antibiotic treatment was started.  
In the current study, P. multocida isolates were obtained from 11 animals.  
Table 1 provides the available details for the 11 animals. For these animals, the 
pneumonia was observed between 78 to 239 days of age, while mastitis was observed 
between 539 and 731 days of age.  Not all animals had pneumonia, with two out of 
eleven not having displayed pneumonia as a calf. Mastitis due to P. multocida was 
present in five of the 11 animals.  Overall, there were six isolates from 
nasopharyngeal exudates of calves with clinical signs (< 12 months of age) and five 
isolates of udder secretion from nulliparous heifers with mastitis.  
 For the five isolates associated with mastitis, no other pathogen was detected 
in the milk samples. For the six nasal exudate isolates, three were obtained from 
exudates which also contained M. bovirhinis, while one exudate also yielded M. 
bovirhinis and Mannheimia haemolytica. The remaining two isolates were obtained 
from exudates that yielded no other pathogen. 
The 11 isolates were confirmed as P. multocida by the species-specific PCR. 
The isolates were all non-typable by the Heddleston serotyping scheme, but the LPS 
PCR showed all isolates to be L3, a group that includes serovars 3 and 4 (Harper et al 
2015).  The isolates were all the same ST - ST 79, which is associated with the clonal 
complex ST13 (Table 1). 
The rep-PCR (Fig. 1) revealed the same profile for all isolates except isolate 
PM 2077, a mastitis isolate that had a one band difference from the other 10 isolates.  
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The host associated with this isolate only displayed mastitis, but did not have 
pneumonia as a calf. 
 
3. Discussion 
 While there is a general acceptance that P. multocida is one of the main 
bacterial species contributing to the bovine respiratory disease complex (BRDC) (Bell 
et al., 2014, Crawshaw and Caldow, 2015), there is disagreement about whether the 
detection of P. multocida in the upper respiratory tract of cattle is significant or 
necessarily linked with disease.  Some studies have reported that the presence of P. 
multocida in bronchoalveolar lavage samples is specific for disease and that the 
presence of P. multocida in a nasopharyngeal swab was significantly associated with 
morbidity (Allen et al., 1991; Angen et al., 1999; Crawshaw and Caldow, 2015).  
Hence, the presence in the current study of P. multocida in nasal exudates from 
animals with clinical respiratory disease is sufficient evidence, we believe, to suggest 
a role for P. multocida in that respiratory disease.  The respiratory disease scenario on 
this farm might be multi-factorial in nature as there was co-detection of M. bovirhinis 
and M. haemolytica.  While M. haemolytica is accepted as a key pathogen in BRD 
(Bell et al., 2014), there is no such acceptance for M. bovirhinis. Indeed, in a recent 
study of the nasopharyngeal microbiota of mostly healthy cattle, Mycoplasma dispar 
and M. bovirhinis made up around 53% of the total bacterial population (Timsit et al., 
2016).  While not commonly reported, P. multocida is a recognised cause of bovine 
mastitis (Makovec and Ruegg, 2003). 
 
The overall results of this study clearly show that the same strain of P. 
multocida can be retrieved from different niches within the same host species.  
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Further, the results provide clear evidence of a disease role in one of those niches (the 
udder) and suggest a possible role in a different disease expression in the other niche 
(respiratory tract).  The literature reporting cases of mastitis due to P. multocida often 
contains suggestions that there may be a link to the respiratory tract of the nursing 
calves (Barnum, 1954; O’Sullivan et al., 1971).  These early studies lacked access to 
the genetic tools necessary to confirm any links. The current study has demonstrated 
that just one strain of P. multocida was retrieved from the nasal exudate of calves 
with pneumonia and from the udder secretion of heifers with mastitis, the first such 
linkage of two different niches and disease within cattle.  A key feature of the current 
study is that this connection across the different niches occurred in the absence of 
active nursing of calves.  The animals in the current study were housed by age groups 
and yielded P. multocida from the different niches at different ages. 
The question arises whether the entry of the bacteria via the udder or via the 
respiratory tract could have led to a different disease, i.e. mastitis and respiratory 
disease. Cariou et al. (2013) reported that the entry via artificial insemination in 
turkeys did not lead to liver, spleen and lung lesions as expected but to suppurative 
lesions in cloaca and vagina.  It was only after a relapse that purulent pneumonia 
lesions, in addition to the genital lesions, were found (Cariou et al., 2013). 
The rep PCR method has a high discriminatory ability when applied to P. 
multocida with prior studies recording a Simpson Index of Diversity between 0.89 to 
0.95 (Amonsin et al. 2002; Blackall et al. 2000). In the current case, one isolate, 
despite being of the same serovar and ST as all the other isolates, has a rep PCR 
profile that differs by one band.  No standard approach for the analysis of minor 
differences in band patterns, such as a one band difference, for the rep PCR has been 
established.  A study on Enterococcus revealed that a one band difference was the 
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maximum allowed to be regarded as related (Malathum et al., 1998), Hence, given the 
results of the other typing assays, it would appear that the single band difference seen 
for one isolate in the current study is not sufficient to regard that isolate as “different” 
to the other isolates. 
 In summary, this study has used a number of genetic typing assays to clearly 
show – for the first time – that a single strain of P. multocida can occupy different 
niches within the bovine host and be associated with two different disease scenarios. 
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Figure 1. The profile of the rep-PCR amplification profile of six isolates of P. 
multocida from the nasal exudate and five isolates from udder excretions of dairy 
calves with pneumonia and heifers with mastitis.  A 1kb ladder (Invitrogen) 
separates the isolates. Lane 1, 6, 11 and 15 are 1kb ladders.  Lane 2, 3, 4, 5, 7 and 
8 are P. multocida from nasal exudate.  Lane 9, 10, 12, 13 and 14 are P. multocida 
from udder secretion. Lane 13 is isolate PM 2077, which has a different profile to 
the other isolates with one band difference. 
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Table 1 Disease observed in 11 animals on the dairy farm in Spain and results from the analysis of P. multocida isolates from nasal 
swabs and udder secretion by serotyping and genotyping methods. 
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Paste
urella 
multoc
ida 
L3 1 
no 
reactio
n 
7
9 
ST13 
353
52 
27-
03-
201
2 
731 
right 
back 
0 
  
P. 
multoci
da  
29/03/
2012; 
10/8/2
012 
19/5/20
12; 
4/6/201
2; 
25/7/20
12 
 
Udder 
secret
ion 
141
287 
Paste
urella 
multoc
ida 
L3 1 
no 
reactio
n 
7
9 
ST13 
372
65 
07-
08-
201
2 
677 
right 
front 
1 
20-03-
2013 
239 
P. 
multoci
da  
27-08-
2012  
fever 
29/06/
2014 
Udder 
secret
ion 
142
573 
Paste
urella 
multoc
ida 
L3 1 
no 
reactio
n 
7
9 
ST13 
 18 
427
64 
16-
07-
201
3 
610 
right 
front 
0 
  
P. 
multoci
da  
18-07-
2013   
Udder 
secret
ion 
151
102 
Paste
urella 
multoc
ida 
L3 2 
no 
reactio
n 
7
9 
ST13 
395
91 
17-
06-
201
3 
615 
left 
front 
2 
29/8/2
013; 
02/12/
2013 
87; 
182 
P. 
multoci
da  
20-06-
2013 
    
Udder 
secret
ion 
150
563 
Paste
urella 
multoc
ida 
L3 1 
no 
reactio
n 
7
9 
ST13 
 
 
